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PREFACE 


Mr.  James  Conley  of  the  Hydraulic  Fluids  and  Corrosion  Preventative  Branch, 
Fuels  and  Lubricants  Division,  assisted  in  the  application  of  special  techniques  for 
identifying  different  types  of  base  stock  ingredients  of  synthetic  compounds. 
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IDENTIFICATION  OF  SYNTHETIC  FLUIDS  UTILIZING  PYROLYSIS 


GAS  LIQUID  PHASE  CHROMATOGRAPHIC  TECHNIQUES 

I.  INTRODUCTION 

Historically,  lubricants  and  functional  fluids  intended  for  use  in  ground  equip¬ 
ment  have  been  formulated  with  petroleum  basestock  materials.  These  petroleum  oils 
have  been  utilized  because  of  their  preferr  use  and  economics  which  have  maintained 
their  dominance  in  this  applications  area.  Beginning  with  the  energy  crises  of  1973, 
which  created  a  reduction  in  the  import  of  foreign  crude  supplies,  the  emphasis  has 
shifted  toward  the  use  of  synthetically  derived  base  materials.1  These  new  synthetical¬ 
ly  manufactured  materials  are  starting  to  lessen  the  demand  for  petroleum  basestocks 
to  a  small  degree.  At  the  same  time,  these  new  materials  are  beginning  to  overcome 
many  of  the  disadvantages  inherent  in  petroleum  oils  and  fluids  such  as  refining  cost, 
low  availability,  limited  high-temperature  applications,  and  enhanced  viscosity 
temperature  characteristics.  For  example,  the  synthesized  hydrocarbons  (commonly 
referred  to  as  olefin  oligimere)  are  compounds  having  predictable  structures  and  pro¬ 
perties  that  are  not  dependent  upon  the  same  crude  or  refinement  technology  to  pro¬ 
duce  a  similar  product. 

Currently,  numerous  specification  products  exist  which  either  because  of  a  com¬ 
positional  or  a  performance  requirement,  specify  a  synthetic  base  fluid /oil  in  lieu  of 
the  conventional  petroleum  basestock.  To  illustrate  this  point.  Table  1  provides  a 
listing  of  different  specifications  and  the  types  of  synthetic  materials  now  being  used. 
As  noted,  the  four  synthetic  materials  that  are  being  used  extensively  are  olefin 
oligimers,  alkylated  aromatics,  di-basic  acid  esters,  and  polyol/polyesters.  A  sampling 
of  these  different  basestocks  is  shown  in  Table  2.  These  synthetic  materials  offer  high 
temperature  stability,  high  viscosity  index  (i.e.,  little  change  in  viscosity  with  tempera¬ 
ture  changes),  improved  antiwear  properties,  low  volatility,  enhanced  fire  retardancy, 
and  excellent  low  temperature  fluidity  and  are  generally  compatible  with  those 
products  formulated  with  petroleum  basestocks. 

Synthetic  lubricants  have  been  used  in  limited  applications  for  ground  equipment 
over  the  past  10  to  15  years,  but  there  has  been  no  concentrated  effort  to  identify  the 
various  base  materials  used.  There  have  been  many  analytical  methods  developed2  3  4 

1  Stavinoha,  L.  I..;  lodor,  G.  K.;  Newman,  I'.  M.;  and  Lest7..  S.  J.;  Analytical  Characterization  of  "ynthetic  Lubri¬ 
cants,  American  Society  of  Lubrication  engineers,  No.  77  AM-4A-1,  May  1977. 

“  Hamilton  &  Sewell,  Introduction  to  High  Performance  Liquid  Chromatography, C  hapman  and  Hall,  London,  1977. 

3  Smith,  A.  Lcc;Chemical  Analysis;  Vol  4 1 ;  Wiley  Interscience;  1974. 

4  Hillman,  0.  1.;  Paper  presented  at  the  1977  international  Symposium  on  Liquid  Chromatographic  Analysis  of 
Polymers  and  Related  Materials;  Chicago;  October  1977. 
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Table  1 .  Military  Specifications  Utilizing  Synthetic  Materials 


Military  Specification 

Title 

Base  Stock  Ingredients 

MIL-L-7808H 

Lubricating  Oil,  Aircraft  Turbine 
Engine,  Synthetic  Base 

Di-tridecy!  Adipate 

MIL-L-46167A 

Lubricating  Oil,  Internal  Com¬ 
bustion  Engine,  Arctic 

Polyalkylated  Benzene 

MIL-L-46 1 70 A 

Hydraulic  Fluid,  Rust  Inhibited 
Fire-Resistant,  Synthetic 
Hydrocarbon  Base 

Polyalpha  Olefin 

MIL-L-23699C 

Lubricating  Oii,  Aircraft 

Turbine  Engine,  Synthetic 

Base 

Triheptanoate 

M1L-L-46152B 

Lubricating  Oil,  Internal  Com¬ 
bustion  Engine,  Administra¬ 
tive  Service 

Di-isodecyl  Azelate 

MIL-L-46000B 

Lubricant,  Semi-Fluid 
(Automatic  weapons) 

Di-2-ethylhexyl 

Sebacate 

MIL-L-83282A 

Hydraulic  Fluid,  Fire-Resistant 
Synthetic  Hydrocarbon,  Aircraft 

Polyalpha  Olefin 

MIL-L-1  1734C 

Lubricating  Oil,  Synthetic 
(For  mechanical  time  fuses) 

Di-2-ethylhexyl 

Sebacate 

MIL-H- 1 9457B 

Hydraulic  Fluid,  Fire-Resistant 
Type  I ,  Type  2 

Phosphate  Ester 

M1L-L-27502 

Lubricating  Oil,  Aircraft 

Turbine  Engine,  Ester  Base 

Polyol  Ester 
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Table  2.  Synthetic  Base  Stock  Fluids 

Di-isooctyl  Azelate 
Di-2-EthylhexyI  Azelatt 
Di-isodecyl  Azelate 
Di-2-Ethylhexyl  Adipate 
Di-Tridecyl  Azelate 
Di-Tridecyl  Adipate 
Di-2-ethylhexyl  Sebacate 
Di-isodecyl  Adipate 
TMP  Triheptanoate 
Neopentyl  dipelargonate 
Polyalpha  Olefin,  6cSt  Synfiuid 
Polyalpha  Olefin,  4cSt  Synfiuid 


to  characterize  a  particular  type  of  material.  In  all  these  procedures,  the  techniques  are 
considerably  manpower  intensive  and,  in  some  instances, .require  extremely  advanced 
instrumented  analysis  techniques  as  shown  in  F;gure  1,  Because  of  the  increasing  pro¬ 
ducts  now  being  supplied  to  the  Army  and  other  DOD  users,  a  need  has  surfaced  to 
have  a  capability  that  would  enable  rapid  determination  and/or  characterization  of  pro¬ 
ducts  in  question.  The  problems  associated  with  identification  of  synthetic  basestock 
and  conventional  petroleum  materials  are  usually  related  to  inability  of  separating 
these  high  molecular  weight  polymers  and  extremely  complex  mixtures.  With  the 
success  of  pyrolytic  gas  liquid  phase  chromatography  (FGC)  for  determining  the  types 
of  elastomers  found  in  wheel  braking  systems5  firmly  established,  this  approach  was 
considered  for  characterization  and  defining  the  types  of  synthetic  basestocks. 

Pyrolytic  gas  chromatography  offers  a  convenient  approach  to  the  analysis  of 
macromolecules/polymers  without  the  necessity  of  chemical  pretieatment.  The  syn¬ 
thetic  materials  arc  thermally  decomposed  using  a  heated  filament  and  decomposition 
pnduccs  are  directed  to  the  Gas  Chromatograph  (GC)  where  separation  of  species  will 
occur  by  standard  techniques.  In  the  subsequent  experimentation,  the  thermal  decom¬ 
position  products  of  synthetic  materials  give  a  definitive  characterization  umng  flame 
ionization  detector  (FID).  The  retentive  time  data  and  peak  area  percent  were  used  to 
correlate  peak  similarities. 


if.  DETAILS  OF  TEST 

All  tests  were  conducted  on  a  programmable  Hewlett  Packard  5830A  Gas 
Chromatogiaph  with  a  pyrolysis  unit  (Pyroprol-e).  The  column  selected  for  the  pur¬ 
pose  of  this  study  consisted  of  5.48-m  (18-ft)  by  3-mm  (1/8-in.)  stainless  steel  tubing 
packed  with  20 '/  silicone  grease  SE30  on  Chromosorb  W,  High-Performance,  80-100 
Mesh. 


The  operating  conditions  used  were  as  follows: 


Flame  Ionization  Detector 

2S0°  ( 

Temperature  1 

O 

o 

o 

Ratc/min 

8°  C 

Temperature  2 

330°  C 

Time  ('■'  Te  mperature  2 

1 4  min 

Aux.  Temperature 

200°  C 

Chart  Speed 

0.3  in. /min 

Jamison,  R.  G.  and  I  xposito,  G.  I  .;  Characterization  of  1  lastomcric  Materials  used  in  Automotive  Brake  and 
Cooling  Systems  by  Pyrolytic  Gas  Chromatography;  (VI  No.  309,  Aberdeen  Proving  Ground;  July  1972. 
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Figure  1.  Analytical  approach  to  the  characterization  of  lubricants. 


Pyroprobe  conditions  were  as  follows: 


Interface  Temperature 
Interval 

Final  Temperature 
Element  Type 


200°  C 
10s 
850°  C 

Ribbon 


A  l-/al  sample  of  the  fluid  is  placed  on  the  ribbon  of  the  Pyroprobe.  The  probe 
is  inserted  into  the  microoven  (interface)  injection  part.  The  automated  pyrolysis 
cycle  and  temperature  programming  mechanism  are  engaged  and  the  chromatograms 
are  developed. 


III.  RESULTS  OF  TEST 

The  14  synthetic  base  materials  that  were  analyzed  by  this  method  are  shown  in 
Table  2  and  the  response  pattern  for  each  material  is  presented  in  Figures  2  through  1 5. 
Examination  of  the  14  pyrograms  clearly  shows  each  one  has  a  unique  pattern.  Com¬ 
parison  of  the  pyrograms  of  Di-2-ethylhexyl  adipate  (Figure  8),  Di-2-ethylhexyl  azelate 
(Figure  7),  and  Di-2-ethylhexyl  sebacate  (Figure  9)  shows  the  adipate  to  have  a 
distinguishing  peak  at  13  min,  which  does  not  appear  in  any  of  the  others.  The  azelate 
and  adipate  polymers  both  show  peaks  in  the  27-  to  32-min  elution  time  frame,  but  the 
peak  height  of  the  adipate  is  considerably  greater  than  that  of  the  azelate.  The  peak 
heights  of  the  azelate  is  greater  than  the  adipate  in  the  18-  to  23-min  time  frame. 

Comparison  of  the  pyrograms  of  di-isodecyl  adipate  (Figure  5)and  di-isodecyl 
azelate  (Figure  6)  show  the  azelate  has  a  peak  of  22  min  and  a  large  peak  height  at  22 
to  30  min. 

Di-Tridecyl  adipate  (Figure  11)  and  di-tridccy I  azelate  (Figure  10)  differ  con¬ 
siderably  in  the  15-  to  23-minute  time  frame  and  are  easily  distinguishable. 

The  polyalpha  olelir.  (Figure  4),  poly  alkylated  benzene  (F'igure  5),  and  silicone 
>rake  fluids  (Figures  25  and  26)  are  completely  different  over  the  entire  pyrogram. 

The  di-ester  (Figure  3)  and  polyol  ester  (Figure  2)  differ  in  the  3-  to  7-min  and 
1 8-  to  20-min  range. 

Tables  3  and  4  show  the  various  synthetic  products  that  arc  currently  being  used 
in  military  product  specification  by  the  Army.  An  assessment  of  the  pyrograms  from 
the  basestock  samples  as  compared  with  those  pyrograms  produced  from  formulated 
Qualified  Product  Lists  (QPL)  (Figures  16  through  24)  samples  reveal  striking  simi¬ 
larities;  for  example,  PGC  was  also  applied  to  the  analysis  of  two  silicone  brake  fluids. 
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Table  3.  Military  Specifications  and  Base  Stocks  Utilized 


Specification  No. 

Manufacturer’s  Sample 

OPL  No. 

Synthetic  Base  Stock 

MIL-L-7808H 

Hatco 

Mobile  No.  1 

None 

None 

Di-Tridecyl  Adipate 
Di-2-Ethylhexyl  Azelate 

MIL-L-46 167A 

EMERY 

ME-5 

Di-isodecyl  Azelate 

MIL-H-46170A 

BRAY 

MF-2 

Polyalpha  Olefin 

MIL-H-46170A 

Royal 

MF-4 

Polyalpha  Olefin 

MIL-H-46170A 

GULF 

MF-7 

Polyalpha  Olefin 

MIL-H-46170A 

HANOVER 

MF-5 

Polyalpha  Olefin 

MIL-L-46000B 
MIL-L-1 1734C 

BRAY  RUBBER 
Swelling  Agent 

None 

Di-e-ethylhexyi 

Scbacate 

MIL-L-23699C 

MOBIL 

None 

Triheptanoate 

MIL-L-461 52B 

CONOCO 

ML55 

Polyalkylated  Benzene 

Table  4.  Blends  of  Synthetic  Products 


Known  Composition 

Pyrolysis  Identification  of  Synthetic  Base 

Blend  A 

1 00%  Diester 
(Isodecanol,  Azelaic) 

Di-isodecyl  Azelate 

Blend  B 

40%  Diester  (2-ethylhexanol,  Azelaic) 
60%  Polyalkylated  Benzenes 

Polyalkylated  Benzene  Derivative 

Blend  C 

1 2%  Midcontinant 

86%  Polyalkylated  Benzenes 

2%  Diester  (2-ethylhexanol,  Azelate) 

Polyalkylated  Benzene  derivative 

Blend  D 

1 00%  Diester 
(isotriclecancl,  Adipic) 

Di-Tridecyl  Adipate 

Bier  d  E 

34%  Polyol  Ester 

65%  Polyalpha  Olefin 

1%  Diester 

Polyalpha  Olefin 

21 


Figure  18.  MIL  1-46 167  A.  Lubricating  oil,  l  C  Engine,  Arctic  grade. 


It  was  found  that  the  two  silicone  fluids  (Figures  25  and  26)  were  completely  different 
presenti.  no  problems  in  identifying  other  marketed  materials  containing  the  same 
base  fluids.  The  same  principle,  however,  did  not  apply  to  the  petroleum  products 
because  of  the  extreme  peak  distortions  due  to  additive  package  and  chemical  structure 
decomposition. 

IV.  CONCLUSIONS 


As  the  carbon  number  of  synthetic  materials  increase,  all  pyrograms  differ  in  elu¬ 
tion  time,  peak  configuration,  and  peak  height.  Silicone  brake  fluids  produce  a  unique 
pattern  of  eluted  peaks. 

The  PGC  method  provides  a  capability  for  an  accurate  fingerprint  of  extremely 
complex  mixtures.  Characterization  of  these  high  molecular  weight  materials,  which 
usually  require  many  hours  of  extensive  wet  chemical  analysis  can  now  be  completed 
in  relatively  short  time  periods  by  using  pyrolisis  gas  liquid-phase  chromatography. 

The  data  generated  on  the  synthetic  materials  was  treated  in  a  Hewlett  Packard 
l)830A  computer  for  simple  comparison  purposes.  Because  of  the  peak  pattern  distor¬ 
tion  in  fully  formulated  products,  it  was  virtually  impossible  to  enter  the  data  in  the 
computer  and  positively  identify  via  computer  reduction  techniques  the  base  material. 
Therefore,  the  comparisons  were  made  using  visual  techniques. 

The  use  of  this  method  will  allow  resolution  of  field  problems  in  a  very  short 
time  frame. 

Future  efforts  will  be  made  to  develop  a  computer  program  that  will  allow 
rapid  analysis  of  finished  products  and  identification  of  the  individual  components. 
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Dev  ( 'oiinnami 

AT  IN  DRDAR-ISS  No.  5s) 

Dover.  NJ  07801 
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No.  Copies  Addressee 


1  Commander 

US  Army  Troop  Support 
and  Aviation  Materiel 
Readiness  Command 
ATTN:  DRSPS-MFS(I) 

4500  (ioodieiiow  iii’.d 
St  lands,  MO  63 1 20 

2  Director 

Petrol  &  Fid  Sve  Dept 
i  IS  Army  Quartermaster  School 
Port  Lee,  VA  23801 

I  Commander 

l  IS  Army  Llectronics  Research  and 
Development  Command 
'eehnieal  Ubrary  Division 
ATTN:  Dl;l. SIM. 

Port  Monmouth,  NJ  0/703 

I  President 

US  Army  Aviation  Test  Board 
ATTN:  STFIKi-PO 
Port  Rocket,  A I  36360 

1  US  Army  Aviation  School  library 
PO  Drawer  0 

Port  Rucker,  AL.  36360 

2  I  IQ,  1031)  Infantry  Brigade  (Pan) 
ATTN:  APZU-Pi: 

APO  Miami  34004 

2  Special  l  orces  Detachment.  Putope 

ATTN:  PBO 
APO  New  York  00050 

2  Engineer  Representative 

USA  Research  ik  Standardisation 
Croup  (Purope) 

Box  65 
I  PO  0O  SI0 

1  Commander 

Rock  Island  Arsenal 
ATTN:  SARRI-LPI 
Rock  Island,  IL  61201 


1  HQDA 

ODCSLOCi 
DALO-TSF 
Room  1E588 

Pentagon,  Washington,  DC  20310 

1  Plastics  Technical  Evaluation  .  n!cr 

ARRADCOM,  Bldg  340 1 
ATTN:  A.  M.  Anzalone 
Dover,  NJ  07801 

I  Commander 

Erankford  Arsenal 

ATTN:  Library,  K 2400,  B1 5 1-2 

Philadelphia,  PA  19137 

1  Commandant 

US  Army  Engineer  School 
ATTN:  ATZACDD 
Port  Beivoir,  VA  22060 

I  President 

US  Army  Airborne, 

Communications  &  Electronics 
ATTN:  STEBP-ABTI) 

Fort  Bragg,  NC  28307 

I  Commander 

Headquarters,  39th  Engineer 
Battalion  (Cbt ) 

Fort  Dcvens,  MA  01433 

1  President 

US  Army  Armor  and  Engineer  Board 
ATTN:  ATZK-AF-PD-F 
Port  Knox,  KY  40121 

I  Commander  and  Director 

USA  PI  SA 
ATTN:  PISA -IS 
Port  Beivoir,  VA  22060 

Director 

US  Army  TRADOC 
Systems  Analysis  Activity 
ATTN:  ATAA-SI  (Tech  lab) 

White  Sands  Missile  Range,  NM  88002 
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'  1 10.  USA!' UK  &  Seven  ill  Army 

Deputy  Chief  of  Staff,  t  n^inecr 
ATTN.  ALiALN-MT-p 
APO  New  York  0940) 

*  "D.  USAhlJK  &  Seventh  Army 
Deputy  Chief  of  Staff.  Operations 
ATTN:  APAOC-I  Ml) 

APO  New  York  0940.) 

*  DO,  Dept  of  Army 

ATTN:  DAMA-CSS-P ( |)r.  Bryant) 
Washington.  DC  20110 

CDR 

US  Army  Materiel  Dev  &  Readiness 
Command 

1  ATTN:  DRCLW (Mr.  Bender) 

WWQA-I- 

500!  Tiscnhower  Avenue 
Alexandria,  VA  22.1)1 

CDR 

US  Army  Tank-Automotive  Coin 
1  ATTN:  DRSTA-O 

Warren,  Ml  4X090 

1  DO.  US  Army  Aviation  Res  A 

Development  Com 
ATTN  DRDAV-DtMr  Crawtotdl 
4)00  (toodfellow  Blvd 
■St  I  oms,  MO  <>.)  |  20 

I  Dir 

US  Army  Research  A 
ledi  labs  (AVARAIK OMl 
Propulsion  lab 

A '  I  N  DAVDI.-PI  -|)  (Mi.  Ann in) 

)  1000  Brookpark  Road 
Cleveland,  Oil  441)5 

I  CDR 

US  Army  Natick  labs 

ATTN  DRDNA-YI  P  (Dr.  Kaplan) 

Natick,  MA  01  760 


No.  Copies  Addressee 

I  CDR 

US  Army  Missile  Com 
ATTN.  DRSMI-RK 
Redstone  Arsenal,  A  I.  .15809 

CDR 

US  Army  Research  Office 
1  ATTN:  DRXKO-T! 

(Dr.  Schmiedeshoff) 

1  drxro-k; 

PO  Box  12211 

Research  Triangle  Park,  NC  27709 

I  CDR 

Tobyhanna  Army  Depot 
ATTN:  STSTO-TP-S 
Tobyhanna.  PA  IX4(i<> 

I  Du 

US  Army  MaterielsA  Mechanics 
Reseatch  Center 
A I  I  N  DRXMR-  I 
Watertown,  MA  02 1  72 

'  CDR 

us  Army  Watervliel  Arsenal 
AITN  SARWY-RDI) 

Watervliel,  NY  12189 

I  CDR 

US  Arms  I  reign  Science  A 
technology  Centei 
ANN  DRXST-MII 
federal  Building 
(  h.ulottesville.  VA  2  2l*(  1 1 

I  CDR 

DARCOM  Materiel  Readiness  Support 
Ac  ivity  (MRSA) 

AI  lN:  DRXMDMD 
lexmgton.  KY  405  I  I 

^  110.  US  Army  I  loop  Support  A 

Aviation  Material  Readiness  Com 
ATTN  DRSTS-MK, 

4)00  ( ioodtellow  Blvd 
St  l  oins,  MO  0)120 


.16 


( 


r 


i 
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No.  Copies  Addressee 
CDR 

US  Army  General  Material  A 
Petroleum  Activity 
1  ATTN:  STSGP-Pf" 

I  SISGP (Col  Mill) 

New  Cumberland  Army  Depot 
New  Cumberland.  I’A  I  7070 

1  CDR 

US  Army  General  Material  A 
Petroleum  Activity 
ATTN:  STSGP-PW (Mr.  Price) 
Sharpe  Anny  Depot 
Lathrop,  CA  45330 

I  CDR 

US  Army  Materiel  Armament 
Readiness  Command 
ATTN  DRSAR-I  I  M 
Rock  Island  Arsenal.  II.  61244 

I  CDR 

US  Army  Research  A  St/n  G  roup 
( Europe ) 

ATTN:  DRXSN-I  RA 
Itox  65 

I  PO  New  York  04510 
CDR 

US  Army  Aberdeen  Provine  Ground 
I  ATTN  S  I  I  AP-MT 

I  STI  AP  MT-UtMr.  Deavei) 

Aberdeen  Proving  Ground.  Ml)  21005 

I  CDR 

US  Army  Yuma  Proving  (hound 
ATTN.  SIT  YP-MT(Mi  Doebhlei) 
Yuma,  A /  X5364 

I  CDR 

US  Army  Ouartcrmaster  School 
ATTN  ATSM-TNG-PT 
Port  lee,  VA  23SOI 


No.  Copies  Addressee 

MERADCOM 

Commander.  DRDMI  / 

Technical  Director.  DRDMI  ZI 
Assoc  Tech  Dir/R&D,  DKDME-ZN 
Assoc  I  ivh  Mir/f' Hr  A#vj 

DRDMI  7.1 

Spec  A'.i/Matl  Asmt,  DRDMH-ZG 
Spec  Asst/Scs  A  1  mil,  DRDME-ZK 
CIRCULATE 

!  C.  Ctrmine  lab,  DRDMU  N 

(  I  ngy  A  Wtr  Res  Lab.  DRDMI  i-G 
Elec  Pwr  Lab,  DRDME-L 
u. r  atno  A  Topo  lab,  DRDME-R 
!  .  oar  &  Br  Lab.  DRDMI -M 
C,  Mech  A  Constr  I-qpt  lab, 
DRDML-H 

C.  Ctr  Intrus  lab.  DRDMI  -X 
C.  Matl  Tech  lab.  DRDMI  -V 
Dir.  Product  A&T  Directorate. 
DRDMI  I 
CIRCULATE 

Energy  &  Water  Res  lab.  DRDMI  -Ci 
5  f  uels  A  Lubs  Div,  DRDMI -GL 
10  Corrosion  Prcvcntatives  A  Hydraulic 

f  luid  Grp.  DRDMI  -GL 
3  Tech  Reports  Ofc.  DRDMI  -WP 

3  Security  Ole  (lor  liaison  officers), 

DRDMI  S 

3  Tech  Library.  DRDMI  -WC 

I  Programs  &  Anal  Dir.  DRDMI  U 

I  Pub  Affairs  Ofc.  DRDMI-I 

I  Ofc  of  Chief  Counsel.  DRDMI  -I. 

Department  of  the  Navy 

I  Director.  Physics  Program  (421  ) 

Office  of  Naval  Reseat  eh 
Arlington,  VA  2221  7 

(  onimandcr.  Naval  facilities  Lng  Com 
Department  of  the  Navy 
ATTN:  Code  032-B 
062 

200  Stovall  St 
Alexandria,  V A  22332 
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t'S  N;iv;il  ( heanogiaplin  (»,, 

N.iv\  I  iI-miv/NSU  Station 
Ray  Si  I  oois,  Ms  205 2  2 

Uhifiry  (Code  I.OXA ) 

Civil  engineering  lahoraiory 
N.ivai  Coiisu union  Haitalion  Cm, 
I’ori  Hueneme.  CA  ').(() 42 

I  )iieelor 

l  iirtli  Physics  Program 
Code  4(i4 

Office  of  Naval  Research 
Arlington,  VA  222 1  7 

Naval  Training  Fqnip  Cnli 
A  I  IN  Technical  I  ibrary 
Orlando.  CL  228 1 2 

CDK 

Naval  Air  Propulsion  Cm, 

A  I  I  N  PI  -7 7  (Mr.  D'Oia/io) 

PO  Ko\  7  I  7(> 

I  rent. mi .  NJ  ()(,X2S 

(l)R 

Naval  Sea  Systems  ('o,n 
Code  ()5|  4  (Mi  R.lasnei 
Washington,  IK  2()2<>2 

DR 

i  (avid  I  a v lot  Naval  Ship 
Res  A  |  >ev  (nil 

Code  2K20  (  Mr.  ( .  Kosm.i|i.mi 
Annapolis.  MD  2  140.’ 

'"ini  Oil  Anah  sis  Program 
lechnical  Suppon  (  enter 
Hldg  7X1) 

Naval  An  Stalion 
Pensacola.  I  I  22 S ox 

CDK 

Naval  Research  I  ah 
A  I  1  N  (  o.le  (•  I  70  (  Mi .  ||  K,mu.,) 
Washington.  IK  20  C/s 


(DR 

Naval  Air  Systems  Com 

A  n  N.  Code  520221  (Mi.  Weinhiitg) 
A  TI  N  Code  52M5 
Washington.  DC  2()2r>  I 

CDK 

Naval  Air  Development  Co 

ANN  (ode  (.Oh  I  2  (M,.  |  .  Stallings) 

Warminster.  I’A  I  74 

Department  of  the  Air  Force 

HD  I  ISA ! -7  K  DP  I 

'UN  Mr.  Allan  I  alls 
Washington.  DC  2(H  (() 

11(7  tlSAI/l  II  |( : 

CIhcI.  Dlihlies  iliamli 

Washington.  IK  2022(1 
l  CS  An  Force 

I  ID  An  Force  engineering  A  Sei  (  m 
I e.  linn  al  I  ihtary  I  I  7()5(| 
IvndallAIH.II  22402 

duel.  I  nhi nation  lh 
fuels  A  I  nlnn  alion  | in 
MIN  AIWA  I  I'OSI 
Wnghl  Palleison  Al  H.OII  4  >4  (  t 

Depai linenl  ol  I  lanspoiialion 
I  ihrais .  I  ()l(  IDA.  M4‘M  h 
S00  Independence  Ave..  SW 
Washingioii.  IK  20VM 

(DR 

I  S  An  !  roce  Wiighi  Aeionanii.  al  I  .,|. 
MIN  A I  WAI  POSI  (Mi.  Jones) 

Al  WAI  Ml  s|  (Mi  Moms) 

Al  WAI  /Ml  HI 

W r ’ghl -Palleison  Vr  I  nice  Ha.c  Dll 

s4  s  !.( 
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I  (DU 

San  Antonio  Air  Logistics  Ctr 
AT  IN  SAA1C/SI  0(Mr  MaLns) 
Kelly  Ait  lorce  Base.  IX  7K24I 

Others 

I  I’rolessoi  Raymoinl  K.  I  ox 

School  ol  engineering  and 
Applied  Science 
C.  rrge  Washington  University 
Washington,  DC  20052 

I  Reliability  Analysis  (  It 

Rome  Ait  Development  Ctr 

RAIK  /RBRACtl.  1  Krnlac) 
(tiifliss  A  I  B.  NV  I  Ct  t  I 


TO 


•  < 


